The past occupational exposure to asbestos of 23 patients with mesothelioma (21 men and two women) has been evaluated by a personal interview of their work history and by
According to the Finnish Cancer Registry, 37 mesotheliomas were registered in Finland in 1986, 27 in men and 10 in women (L Teppo, Finnish Cancer Registry, personal communication). The annual incidence rate has doubled during the last 10 years, to 10 cases per million population. Mesothelioma has increasing social and economic importance as an occupational disease. Effective practical means are therefore needed to identify the patients' possible occupational exposure to asbestos. Evaluation of the patients' history of work is the primary step. A person's past exposure to asbestos, particularly the intensity, is, however, often difficult to assess even when a chronological history of work is available.
Analysis of the concentration offibre in lung tissue provides data that help to The aim of our study was to compare history of work with the lung fibre counts in Finnish patients with mesothelioma and to shed light on their history of exposure to asbestos.
Materials and methods

SUBJECTS
The 23 mesotheliomas were diagnosed at the Helsinki University Central Hospital between January 1985 and December 1988. During this period 48 new mesotheliomas were diagnosed in total. All patients, who could be interviewed and from whom a lung tissue sample was available, either from diagnostic surgery or at necropsy, were included. Their mean age at diagnosis was 56 (range 39-72 years). All mesotheliomas were histologically confirmed by a mesothelioma panel.
Samples of lung tissue from nine male office workers, on whom necropsies were carried out in 1984 at the Department of Forensic Medicine, Helsinki University, were analysed as a reference. These cases were selected from a study on sudden deaths in the male population.4 In this study, the relatives had been interviewed and asked to provide occupational information concerning the deceased patients. The mean age at death of this reference group was 53 (range 37-67 years).
EVALUATION OF THE HISTORIES OF WORK
The patients with mesothelioma were interviewed personally about their history of work, past occupational, domestic, and environmental exposure to asbestos, smoking habits, injuries, and earlier radiotherapy of the thorax. The interview was conducted during the patients' visits to the hospital or during their stay in hospital. Unaware In five cases the samples were taken by thoracotomy. The other 18 cases had samples taken at necropsy when one sample of normal tissue was taken from the front side of the upper left lobe. Biopsy samples were taken similarly from healthy tissue. The samples taken from the office workers at necropsy were embedded in paraffin, which was subsequently dissolved with xylene. A low temperature ashing technique was used to remove organic tissue. Fibres were counted with a JEOL 100 CX-ASID4D-electron microscope in SEM-mode. All inorganic particles which had a length to width ratio greater than 3 and roughly parallel sides were defined as fibres and counted. A magnification of 5000 was used in counting and one of up to 100 000 in measuring the fibre dimensions directly from a screen. Fibres thinner than 0-1 ,um could be detected with the 5000 magnification. 6 An energy dispersive x ray microanalyser (Tracor TN 5500) was used to determine the type of fibre.
Fibres thicker than 0 5 pm could be analysed to distinguish different types of asbestos. The intensity ratios of Si, Mg, Fe, and Na were utilised in identification by comparing the peak ratios to standard spectra. Table 1 lists the occupations, the exposure classification, and the fibre concentrations of the patients with mesothelioma. The occupations are those in which exposure to asbestos had most likely occurred or those with the longest duration during life. In the evaluation of histories of work, the 23 patients were placed in four exposure groups: two patients (9%) in group I, seven patients (30%) in group II, six patients (26%) in group III, and eight patients (35%) in group IV.
Results
EVALUATION OF EXPOSURE
The first two groups (definite and probable exposure) contained 39% of the patients. The two patients in group I had been employed in shipbuilding. Both stated explicitly that they had worked with asbestos or had been exposed at work. Four of the seven patients in group II had worked as an electrician, a spray painter, a welder, and a plumber in the shipyard. One patient in group II had worked in the construction industry, one as a serviceman in a power plant, and one as a foundryman and tram repairman. Six patients (26%) were exposed to asbestos in shipbuilding and represent all the largest occupational groups in shipyards. Two of the six patients in group III had worked in the construction industry in occupations with apparently low probability of exposure to asbestos. The other four patients were assessed to have been possibly exposed to asbestos at work in electrical installations, in a power plant, in truck and engine repair, or in a rubber factory.
The mean period between the start of exposure and The remaining eight patients were evaluated not to have had occupational contact with asbestos that could have led to substantial exposure to airborne fibres. The two women were classified into this group. One of them had worked as a seamstress and the other as a teacher. Three ofthe six men, two truck drivers and an electrical engineer, had worked in occupations in which exposure to asbestos could potentially take place but, according to their own description of past jobs, they were classified into group IV. No exposure to asbestos was assessed to have taken place in the occupations of the remaining three patients in group IV-namely, a gardener, a hardware salesman, and a newspaper editor.
CONCENTRATIONS OF FIBRE IN LUNG TISSUE
The concentrations of fibre in lung tissue from the patients with mesothelioma ranged from less than 0-1 million to 370 million fibres (f) per g dry tissue.
Concentrations of more than one million f per g dry tissue were found in 15 patients (65%) and more than 10 million f per g dry tissue in 10 patients (43%). The highest values, more than 100 million f per g dry tissue, were in two shipyard electricians. Asbestos fibres (amosite, anthophyllite, crocidolite, or tremolite) were found in 21 patients. In six patients (26%) crocidolite and amosite were the main types of fibre. In eight patients (35%) anthophyllite was the main type and in seven patients (30%) both crocidolite/amosite and anthophyllite dominated. In one patient no fibres were found, and in one only silicate fibres were detected. No manmade minerals such as glass fibres were found. Table 2 lists the concentrations of fibre for the office workers. These ranged from less than 0-1 to 0-6 million f per g dry tissue.
LUNG FIBRE BURDEN IN THE FOUR EXPOSURE GROUPS
The figure shows the relation between the probability of exposure evaluated from histories of work and the measured fibre burden in lung tissue. The concentrations of fibre are arranged in four groups by the probability assessed from the history of work. Patients with a higher probability of exposure tended to have higher concentrations of fibre. In exposure groups I and II (definite and probable exposure) all nine patients had concentrations of fibre of more than one million f per g dry tissue. In exposure groups I, II, and III taken together, 12 patients out of 15 (80%) had concentrations of more than one million f per g dry tissue. In group III three out of six patients (50%) and in group IV three out of eight patients (38%) had concentrations of fibre greater than one million f per g dry tissue. In total 78% of the patients had at least possible exposure according to their history of work or lung fibre concentration greater than one million f per g dry tissue.
Discussion Based on the histories of work, 65% of the patients with mesothelioma were assessed to have definite, probable, or possible past exposure to asbestos. For the men the proportion was 71 %. We evaluated the histories of work from the information given by the patients at interview, which is undoubtedly the best method. With few exceptions there was a good coherence between the probabilities of exposure and the measured fibre burden in the lungs of the patients. In general, the patients with a high probability of exposure had higher concentrations of lung fibre. We reported recently the concentrations of fibre in Four construction workers were present among the patients with mesothelioma. One ofthem had also worked as a plumber in shipbuilding. For him, and one other worker, the exposure to asbestos was assessed to be at least probable. For the two other construction workers exposure was regarded as possible, but the probability was low. They nevertheless had high concentrations of fibres in their lungs. One of the men had also worked as crew on a ship for 10 years, which could account for his exposure. Also the electrician in exposure group III, who had performed electrical installations in a factory, had a concentration of fibre that indicated occupational exposure. Electricians commonly handle asbestos insulations, especially in older buildings and factories, and drill holes in asbestos cement boards, which, in this case, had apparently caused a significant fibre burden. Exposure to asbestos has been common among construction workers in Finland. 8 The use of lung fibre analysis led to a better assessment of past exposure to asbestos in the six patients described. It identified three further exposed cases, and the exposure of three others could be confirmed. The experience from this study supports the view that a positive result in lung fibre analysis provides sufficient evidence of exposure to asbestos, despite a negative or uninformative history of work. We did not find any cases where environmental or domestic exposure would have caused concentration of fibre in the lungs of more than one million f per g dry tissue.
The low concentrations of fibre found in the lungs of some patients with mesothelioma overlap with the results obtained from the general population.79 The causal significance of a low concentration cannot be evaluated in individual cases of mesothelioma; for medicolegal purposes these cases have to be regarded as exposed to asbestos in case of positive history of work; a history of work strongly indicating exposure to asbestos dust cannot be overruled by a negative lung fibre analysis."' Present knowledge provides no basis to establish a certain lower limit of lung fibre burden that would exclude occupational exposure or the aetiological role of asbestos in individual cases of mesothelioma. 
